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Abstract
Cluster ion acceleration is a method particularly well
suited to produce neutral beams of high particle current
density at energies of the order of 1 keV/atom. Since this
is the energy required for converting hydrogen atoms or
molecules into negative ions in a cesium vapour cell, it
is proposed to use cluster ions for the production of
negative ion beams of high current density. The system is
envisaged as a tandem accelerator with a terminal voltage
of 1 MV.
Erzeugung negativer Wasserstoffionen aus beschleunigten
Clusterionen
Zusammenfassung
Clusterionenbeschleunigung ist besonders für die Erzeugung
von Neutralstrahlen hoher Teilchenstromdichte bei Energien
in der Größenordnung von 1 keV/Atom geeignet. Dieses ist
die Energie, die benötigt wird, um Wasserstoffatome oder
-moleküle in einer Caesiumzelle in negative Ionen umzuwan-
deln. Daher wird vorgeschlagen, Clusterionen zur Erzeugung
negativer Ionenstrahlen hoher Stromdichte zu verwenden.
Das vorgeschlagene System sieht einen Tandem-Beschleuniger
mit einer Spannung von 1 MV vor.
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For heating of plasmas ln fusion reactors by neutral injection
an energy of the order of 1 MeV/atom is envisaged in order to
enable the injected particles to penetrate sufficiently far in-
to the plasma core. To produce these particles it has been pro-
posed to accelerate D ions that may be converted into neutrals
with high efficiency compared to other methods, e. g. dissocia-
tion of D; or D; ions1 ). A favoured method to produce D lons
is that of charge exchange of D+ on a target of alcali vapour 2 ).
The best efficiency of conversion - about 20 % - is obtained by
passing D+ ions of an energy of 1 keV or lower through Cs vapour.
At higher energy the yield drops off sharply, e. g. to 5 % at 5 keV.
The current density of conventional ion sources, however, ist
quite low at these low energies. Therefore, it has been consi-
dered to use a Na target that allows the use of higher energy
at the expense of a lower conversion efficiency3) (12 % at the
optimum energy of 5 keV).
To overcome the problem of low current density one may think
of using cluster acceleration as a method to produce particle
beams of high intensity in the energy range of interest, that
is 0.1 - 1 keV/atom4 ). Because of the low specific charge
cluster ion beams have less space charge problems so that high
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atomic ions, clusters obviously must be disintegrated into
their constituents. An investigation of the neutralization
of accelerated cluster ions on gas targets has shown that
The target density required was found to be less than






neutral fragments with high efficien-
indicates that the fragments are predominantly molecules.
The target thickness is one order of magnitude less than
that required for conversion of D+ or DO into D-. Thus dis-
integration of clusters and conversion into negative ions
may be executed in one step in the es target.
The use of cluster ions accelerated to about 10 keV/atom
for injection into experimental plasmas has been proposed pre-
A cluster ion accelerator intended to be used
for heating and refuelling experiments at a toroidal device
is presently under construction at our laboratoryl0). Its
design values are 100 kW power at 1 MV and an atom current
equivalent of 10 A . It could be used to accelerate a particleo
current equivalent of 100 A to 1 keV/atom. In contrast too
this machine a cluster ion accelerator for production of ne-
gative ions can be envisaged as a tandem accelerator. Positive
cluster ions will be accelerated into the high voltage terminal
where they will be converted in part into negative ions which
in turn will be accelerated through a second acceleration tube
to ground potential. Except for the necessity of a second acce-
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leration tube this system actually will be simpler than our
present one, since the cluster ion source with all its aux-
iliary equipment will be operated on ground potential and does
not have to be housed in tanks filled with pressurized insu-
lating gas.
1) A.C. Riviere, D.R. Sweetman, APS Meeting (Nov. 1970), paper 4E2
2) A.S. Schlachter, P.J. Bjorkholm, D.H. Loyd, L.W. Anderson,
W. Haeberli, Phys. Rev. 177 (1969) 184
3) Th. Sluyters, Proc. of the 2nd Symp. on Ion Sources and Forma-
tion of Ion Beams, Berkeley 1974, paper VIII-2-5
4) O.F. Hagena, W. Henkes, U. Pfeiffer, Proc. of the 10th Rare-
fied Gas Dynamics Conf., Snowmass/Aspen, 1976
5) W. Henkes, Phys. Letters ~, (1964), 322
6) E.W. Becker, K. Buchheit, W. Henkes, 2nd Europ. Conf. on Contra
Fusion and Plasma Phys., Stockholm 1967
7) O.F. Hagena, W. Henkes, U. Pfeiffer, Proc. of the 9th Symp. on
Fusion Technology, Garmisch-Partenkirchen, 1976
8) F. Bottiglioni, J. Coutant, M. Fois, Proc. of the 6th Europ.
Conf. on Contra Fusion and Plasma Phys., Moscow, 1973, 381
9) W. Henkes, Z. Naturforschung 17a, (1962), 786
10) E.W. Becker, H. Falter, O.F. Hagena, W. Henkes, R. Klingelhöfer,
K. Körting, F. Mikosch, H. Moser, W. Obert, J. Wüst, Report
KFK 2016, Kernforschungszentrum Karlsruhe, 1974
